
Conformal Freeze-In & the 
Dark Photon

Wen Han Chiu, Sungwoo Hong, and Liantao Wang

Based on arXiv:22XX.XXXXX 1



Motivations

• A model with:
• Naturally small kinetic mixing

• Asymmetric reheating

• Naturally light, Higgsless dark photons (relative to 𝑣)

• Potentially light dark matter

• Interesting thermal history
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Cosmological Evolution
𝑇SM

𝑇𝑅 Freeze-in begins
ℒ ⊃

𝜆

Λ𝑑−2
𝐵𝜇𝜈𝒪𝜇𝜈

𝑓 ҧ𝑓 → CFT state

𝐴𝜇
∗ → CFT state

𝜆~10−12, 𝑑 > 2

𝜌ds 𝑇SM =
𝐵𝑑𝑀∗

𝑔∗ 2𝑑 − 5
𝑇SM
2d−5 − 𝑇𝑅

2𝑑−5 𝑇SM
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Freeze-in processes:

ቊ
𝑑 < 5/2 ⇒ IR Freeze − in
𝑑 > 5/2 ⇒ UV Freeze − in

𝜌ds 𝑇ds = 𝐴𝑇ds
4
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Cosmological Evolution: Endpoint 1
𝑇SM

𝑇𝑅 Freeze-in begins

𝑚gap CFT confines 𝒪𝜇𝜈 →
1

𝑔⋆
𝑚gap
𝑑−2𝜌𝜇𝜈

Dark sector particle spectrum:

Particle Mass

𝜌 𝑚gap

𝜋 𝑚DM = 𝑟𝑚gap

ℒeff ⊃ 𝑒
𝑚gap

Λ

𝑑−2 1

𝑚gap
2

ҧ𝑓𝛾𝜇𝑓 𝑖𝜋†ി𝜕𝜇𝜋
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Cosmological Evolution: Endpoint 2
𝑇SM

𝑇𝑅 Freeze-in begins

𝑇NR Dark sector becomes non-relativistic

𝜌ds 𝑇SM = 𝑇NR = 𝐴𝑚DM
4

Modifies dispersion relation & 
Boltzmann equation

UV freeze-in ∀𝑑 > 2
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Cosmological Evolution: Endpoint 3
𝑇SM

𝑇𝑅 Freeze-in begins

min 𝑚𝑓,
3

𝑒
𝑚gap Initial states decouple from SM bath
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Relic density curves (IR freeze-in)
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Constraints
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Self-interactions

• NDA yields

𝜎self~
1

8𝜋

𝑚DM
2

𝑚gap
4 =

1

8𝜋

1

𝑚gap
2 𝑟2

• Imposing the galaxy cluster constraints, we get

𝑚DM ≳ 𝑟4/3
100

36𝜋 1/3
MeV
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Warm dark matter bounds

• Relaxed by
𝑇ds ≪ 𝑇SM

• Can be shown that
𝑚 ≳ 𝑚bound → 𝑇NR ≳ 𝑚bound
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Star cooling bounds

• Different constraints for 𝑇star > 𝑚gap vs 𝑇star < 𝑚gap

• Case with 𝑇star > 𝑚gap places lower bound for 𝑑 below 2

• Only has non-trivial constraints 𝑟𝑇star < 𝑚DM
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Conclusions

• A conformal phase for dark matter evolution is very interesting

• A large range of dark matter masses is allowed

• Strong self-interactions is a key observational constraint
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Backup
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𝑇NR curves
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Relic density curve (UV freeze-in)
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Small 𝜆 generation

• At scale 𝑀 ≫ Λ,

ℒ ⊃
𝜆0

𝑀𝑑BZ−2
𝐵𝜇𝜈𝑂

𝜇𝜈

• Strongly coupled theory runs (walks) to IR fixed point

𝜆 ∼ 𝜆0
Λ

𝑀

𝑑BZ−2
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𝑚gap generation

• Needs local, relevant scalar deformation to CFT

ℒ ∼ 𝑐𝑠𝒪𝑠 → 𝑚gap ∼ 𝑐𝑠
1/(4−𝑑𝑠)

• Scalar deformation arises from 𝒪𝜇𝜈𝒪
𝜇𝜈 OPE

• Needs numerical CFT bootstrap
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Asymmetric reheating
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